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Registration ability against sinking of implant of wing type implant on the
maxilla with limited volume of remaining bone

Jin Soo Kim', Nam Hee Hong', Young Man Lee?, Yoon Soo Gong? Dong Ju Choi*

!Chia-Sarang Dental Clinic, 2Eun-Pyeong Dental Clinic, ®Mi-Bo Dental Clinic, “Life Dental Clinic

During surgery on maxilla with enlarged maxillary sinus, it is very complex and has many complications such as maxillary sinusitis,
bleeding, implant entrapment into sinus, etc. In addition under occlusal forces or eccentric forces on the implant, various vectors of
forces should be applied on implant and surrounding bone, and as a result, lateral and vertical displacement can be occurred. Also
the stress evoked bone deformation and it may concentrated on the nearest site from the apex of implant. This phenomenon may re-
sulted by bone resorption especially. We designed short implant with wing shaped structure which was added on the implant neck
portion and wanted to know how much this implant resist against occlusal stress. In addition we measured the difference of lateral
displacement, vertical displacement, and bone deformation on the nearest portion from the apex of implant. We tested for 4.0 mm
diameter and 10.0 mm length implant for control and 7.0 mm length implant with wing size of 0.3 mm, 0.5 mm, 0.7 mm, 1.0 mm
and 5.6 mm length implant with wing size of 0.3 mm, 0.5 mm, 0.7 mm, 1.0 mm. But in 5.6 mm length implant, too much displace-
ment occures even they have large wing especially in vertical displacement. In 7.0 mm length implant, it shows better standing ef-
fect even it has 0.5 mm wing by vertical and horizontal direction. By this study we found that less then 8.0 mm length implant can
be used by clinicians safely on the maxilla with enlarged sinus, and this may do chang the preconception that less then 8.0 mm
length implant is dangerous. And also further study must be considered to put shorter implant into the maxilla. (THE JOURNAL OF

KOREAN ACADEMY OF OSSEOINTEGRATION 2019;11(1):22-33)
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MATERIALS AND METHODS

uaoﬂ A]—-Q-E]—‘C—_- O%L_% eo-biotechA9] EE YETHE
H2 9J3) YSTHE Aol 10 mm, 7.0
el Z12te] JEHE] tisiA &
7§9] Z0]Z 03 mm, 0.5 mm, 0.7 mm, 1.0 mm= H3HA]A 7Hd
A JEHE Zol9] Hizlel g7l oo wslo] wE wgteo]
g 9 7 B 5 4519 tHNeo-biotech Co, Seoul, Ko-
rea).

10 mm YEHFEE IRHH o0& AMEE Zol9] JETEY
EXR0Z 8 mma ZolE JHA JEEAA QHAsH AHEsH
o= NdS FRtsto] ol 22 ZoJQl 7 mm2| YETE 137
1 ZoFEo] ZEZ0] 6 mm7t Hol A= AF- AoAs = oXlE
glo] ks YSHES AT 4 QT E 56 mmo] B A=
HES 7 AL 742749 /ol disiA vl BAS A3 sk
(Figure .

2.94=E Y

oFE9] RYL2AESTET} AHE CTE 7|2 sl A&
Aot CTES 7] Y814 Master 3D CT (Vatech Korea Inc,
Seoul, Korea)E AFH-5F%.2.H 90.0 kVp, 30 mA,2] 2702 &g

Simulation CH&¢

Cap1

Cap 2

Cap 3
Cap 4

Conventional

Figure 1. Modification of fixture design (Cap4: 0.3 mm, Cap3: 0.5 mm,
Cap2: 0.7 mm, Cap1: 1.0 mm).
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Figure 2. Force direction analysis on implant.
L2: Oblique Load : 300 N, L1: Vertical Load : 300 * cos (10°) = 295.4 N,

L3: Horizontal Load : 300 * sin (10°) = 52.1 N. Figure 3-2. Finite element analysis model based on the CT scan image.

Figure 3-1. Finite element analysis models of each experimental designs.
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FEA (Finite Element Analysis) & 32 4R 92 o dIi g EE R wAdthe| & W n|A= d3dgS A3t

AE 121 AEHER AYE stgon AxE9 4 CTF 282 24| YA JSHES} To| B4S Yolrolof
oA -2 HRE o] 85lgrt. YSHE FH2 Aol A4S 519 o]E0] thel young's modulus®} poisson ratios FoHR L0
=017] fIsiA 2ot H41E 245tk (Figure 3-2). o BAo]| A-83F @ 4AE-S Table 1914 RojF1 QU
4. 3O 2M 5. Simulation g4

SZo] AFHOZ A H 10°7]&01% FEFHE = 300 * Simulationg a4 YEZTAE 715A]E T2 Linso] S
cos (10°) = 2954 N9 o] 7}sjA| 1L JEHES] SHO = 300 * EE gt oA wgHEol gt sHF0] 42~412 NCmo|2kal gt

sin (10°) = 521 N9| §lo] 7}si A A k. o] ] JEHE] 7}ef7]  AZ AR Sho] & Ao 4= 300 NCm] oF5-2 4Hg 513t
= 3ol gJsfiA FH Fof o] YAYSHA =t o|Z QUsiA T &7 271 Displacement (X% H¥)%} Settlement (Y& ¥ E)
AE= FHZO Hotel HES S4ota F BYolA sPEY & FHOE Stgon JEHE spdo I A9 gol 7t
o YEHES} 7MY 24 off Q= FR(0] F9= Jded 45t FLE H919 Z HE(Deformation)& 575131t

A ZAL Tetra Element?} Prism Element® ZHJ =1 Z+

Table 1. Material properties ZHO| JIEHEES
' Young's modulus _ _ AR 13236, 344 62902 (convention type)
Material (GPa) Poisson ratio N N
a A4 13158, 845 63491 (0.3mm cap type)
Cortical bone 14.8 0.30 A4 13218, 845 62959 (0.5mm cap type)
Cancellous bone 1.85 0.30
. . A AL
Ttanium 110 0.32 434 13302, 84F 64511 (0.7mm cap type)
Cobalt-chromium alloy 220 0.30 A4 13374, 4% 65059 (1.0mm cap type)
Implant
Length : 5.6mm
Cap : 0.3mm Settlement :

16.80 x 103 mm

Deformation of Bone
X-Displacement : :1.362 x 10 mm
4732 x 103 mm

43 S '_‘-u_-. 4 o ‘_,_,'(

Figure 4. Stress distribution image shown by finite element analysis.
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Implant
Length : 5.6mm
Cap : 0.5mm

Settlement :
16.45 x 103 mm

5-3

Figure 5. Stress distribution image shown by finite element analysis.
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1. 211

56 mm®| YEFE] 03 mme| E7HE FAJ5tL 4] &
o] 9J5fjA] WY == settlement®} displacement 121 YSTHE 9]
ZspgReiet 7P 24 H29 vdE HygS ST AR 74
ZF16.80 X 10° mm, 4.732 x 107 mm, 183 1.326 x 10° mm
9] = EAUHFigure 4).

2. 212

56 mm| YESHE] 05 mme] G/E /st 39 o
o] SJSfiA AP == settlement®} displacement 18] 11 YEFHES
FoPTret 7P 24T TR wEE WIS SET 2 &
ZF 1645 x 10° mm, 4410 x 10° mm, 121 1.299 x 10° mm
9] Z& AU HFigure 5).

3. 213

56 mm®| YETE] 0.7 mm2| E7HE FAJ5tL 4]
o] 9J5fjA] WY =)= settlement®} displacement 121 YSTHE 9]
FshyEelet 7 A% F2o AT Hyge 4% A0 4
7} 16.27 x 10° mm, 4.057 x 10° mm, 12|31 1.283 X 10° mm
9] 3= EUHFigure 6).

X-Displacement :
441 x 103 mm

Deformation of Bone
:1.299 x 10-3mm
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Implant
Length : 5.6mm X-Displacement :
Cap : 0.7mm 4.057 x 103 mm
6-1 . l
Settlement mm Deformation of Bone
:1.283 x 103 mm

:16.27 x 103mm

6-3

Figure 6. Stress distribution image shown by finite element analysis.

Implant
Length : 7.0mm X-Displacement :
Cap : 0.mm 4.713 x 10-3mm
71 . . 7-2
Settlement : Deformation of Bone
16.80 x 103 mm :1.330 x 103 mm

”~

Figure 7. Stress distribution image shown by finite element analysis.
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Implant
Length : 7.0mm
Cap : 0.3mm

Settlement :
15.51 x 103 mm

8-1

Figure 8. Stress distribution image shown by finite element analysis

Implant
Length : 7.0mm
Cap : 0.5mm

9-1 l l

Settlement :
15.16 x 103 mm

Figure 9. Stress distribution image shown by finite element analysis.
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X-Displacement :
4.469 x 10> mm
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Deformation of Bone

:1.290x 103 mm

X-Displacement :
4.169 x 103 mm

Deformation of Bone
:1.247 x 103 mm
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4. Z1t4
7.0 mm2| YEHEC] QNS FAHHA L 739 el 9
Sl A AP == settlement@} displacement 1231 YESTEO] Fo}
R 7Y 24T FEY] dE H3S 34T AR 44
16.80 x 10° mm, 4.713 X 10° mm, 7183 1330 x 10° mm9]
& AU HFigure 7).

5. 215

7.0 mm2| YEHE] 03 mmo] E7HE Aot 4]
ol 9JafiA LA =] = settlement®} displacement 1811 YEFHE 9]
FopPTRLAt 7P 24T TR wEE WY SET 2% 4
ZF 1551 x 107 mm, 4469 X 10° mm, 13 1.290 X 10° mm
9] 32 L UHFigure 8).

6. 216

70 mm9] YEHE] 05 mme] B7IE FAst AU &
of] 93] A] WA =)= settlement®} displacement 121 YESFHE 9]
FPTEAe} 7MY 24T FR9] wdE WES ST A 4
7} 1516 % 10° mm, 4169 X 10° mm, 121 1.247 x 10° mm
9] Z-& AUrHFigure 9).

Implant
Length : 7.0mm
Cap : 0.7mm

10-1

Settlement :
14.95 x 10> mm

10-3

Figure 10. Stress distribution image shown by finite element analysis.

7. 217

7.0 mm2] YESHEC] 0.7 mme] B7E Aok S
o] 9J5fjA] WY == settlement®} displacement 121 YSTHE 9]
FshyEelet 7 A% F2o dE Hyge 4% A% 4
7} 14.95 x 10° mm, 3.855 X 10 mm, 21 1.220 x 10° mm
9] = L HFigure 10).

8. Z18

7.0 mm2| YEHEC] 1.0 mmo] E7AE FAJstaL 4]
o]l SJofiA YA == settlement®} displacement 1211 YETHEL
FsPTRet 7P 24T TR wEE WIS SET 2 &
ZF14.63 x 10° mm, 3334 x 10° mm, 121 1.182 x 10° mm
9] Zh& LU HFigure 11).

919] ATH=2 Table 201 23] E34ct

DISCUSSION
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Implant
Length : 7.0mm X-Displacement :
Cap : 1.0mm 3.334 x 103 mm

Settlement :
14.63 x 103 mm

o sanin

Deformation of Bone
:1.182 x 103 mm

[

1-3 1-4
Figure 11. Stress distribution image shown by finite element analysis.
Table 2. Compare table
CAP type
| Implant Convention
tem height type CASE-1 CASE-2 CASE-3 CASE-3
0.3 mm 0.5 mm 0.7 mm 1.0 mm
Settlement (103 mm) 5.6 mm 17.18 16.80 16.45 16.27 -
7.0 mm 16.04 1551 15.16 14 .95 14.63
10.0 mm 15.34 14.06 13.76 13.48 13.14
Displacement (10-3 mm) 5.6 mm 4,942 4732 4418 4,057 -
7.0 mm 4713 4.469 4169 3.855 3334
10.0 mm 4992 4241 3.710 3.071 2845
Deformation (10-3 mm) 5.6 mm 1.326 1.299 1.283 -
7.0 mm 1.33 1.290 1.247 1.220 1.182

FHO 2= oFZ 9 tpdRt iREHA P22 oA YEFE
] o7} FobAoF shz Aol W% skt o] i JET
EQ g7t T3 a7t H7= gk & dFolME 9ERE
73] G70E 03 mm*E 1.0 mm7HA] P45kl JEHES] 4
ol& ojr H&= 7HA] FA stojA FH R A 753 sk
2& ForH 1A skt Aoksol A e A xE0] oA
V= BRI kst BHEFRQl Alas 5] s AEHES
Zolg £olFx= AleE skt 1 Fo] lrkal st
QlZatE 9] Zol7} BLe4-2 Z7|L kAUt Zo)7} 5.6 mme
o= settlement®= & HIEL 3 £ o G/ +27} Qe
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20

18

16

14

12

10

Settlement{mm)

2

0

m5.6 mm
m7.0 mm

m10.0 mm

At wksA g7le] doj7t 0.7 mmE EofLbH 1.283 (Figure 6-4)02

YSUET AH & o4& shol AESTES] ] shdo]
A 7P 2R3 790014 oz #go] FFEHE Aol TSt
Al ==t olw g7i9] ZAol7t AojAd oz WP Frrt Ha
oh= Zlo] A2 yehtA "ok 56 mmo] YEHENH 03 mm  FE 9]
9] IAE 7HH AS Z9] ME HEE 1362 (Figure 4-9)1H]

AAadRe AL 2A "rkTable 2, Figure 12, 13).

£ AYS SoA 277t e AERETL Zol7) ok st
Hte T‘*"Bl o] AgHE S92 A o8 duEd
EUEES ™k 2ol vsiA o £2 23E TS
T %= 71——'%‘}% IASHA =ik T o B ASIES A

Settlement

Covention Type Cap0.3 Cap0.5 Cap 0.7 Capl.0
17.18 16.8 16.45 16.27
16.04 15.51 15.16 14.95 14.63
15.34 14.06 13.76 13.48 13.14

Figure 12. Comparison of different wing designs.

6
5
T 4
£
S
£ 3
L]
L)
-
“w
=) 2
1
0
m5.6 mm
m7.0mm
m10.0 mm

Displacement

Covention Type Cap0.3 Cap 0.5 Cap0.7 Caplo
4942 4732 4418 4.057 0
4713 4.469 4.169 3.855 3.334
4992 4241 3N 3.071 2.845

Figure 13. Comparison of different wing designs.
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